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(57) ABSTRACT 

Analogs of combretastatin have been discovered Which 
demonstrate impressive cytotoxicity as Well as a remarkable 
ability to inhibit tubulin polymerization. Such compounds 
are excellent clinical candidates for the treatment of cancer 
in humans. In addition, certain of these ligands, as pro 
drugs, may Well prove to be tumor selective vascular tar 
geting chemotherapeutic agents or to have vascular targeting 
activity resulting in the selective prevention and/or destruc 
tion of nonmalignant proliferating vasculature. 
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COMBRETASTATIN ANALOGS WITH TUBULIN 
BINDING ACTIVITY 

RELATED APPLICATIONS 

[0001] This application claims priority to Us. Provisional 
Application 60/690,689, ?led Jun. 14, 2005, entitled “Com 
bretastatin Analogs With Tubulin Binding Activity”. The 
entire content of the above-referenced application is incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The cytoskeletal protein tubulin is among the most 
attractive therapeutic drug targets for the treatment of solid 
tumors. Aparticularly successful class of chemotherapeutics 
mediates its anti-tumor e?cect through a direct binding 
interaction With tubulin. This clinically promising class of 
therapeutics, called tubulin binding agents or anti-tubulin 
agents, exhibit potent tumor cell cytotoxicity by ef?ciently 
inhibiting the assembly of otB-tubulin heterodimers into 
microtubule structures that are required to facilitate mitotic 
cell division (Li & Sham, Expert Opin. T her. Patents., 
2002). 
[0003] Currently, the most Widely recogniZed and clini 
cally useful anti-tubulin chemotherapeutics agents are the 
Vinca Alkaloids, such as Vinblastine and Vincristine 
(OWellen et al., Cancer Res., 1976) along With Taxanes such 
as Taxol (Schilf et al., Nature, 1979). Additionally, natural 
products such as RhiZoxin (Rao et al., Tetrahedron Lett., 
1992), the Combretastatins (Pettit et al., Can. J. Chem, 
1982), Curacin A (GerWick et al., J Org. Chem, 1994), 
Podophyllotoxin (Coretese et al., /. Biol. Chem, 1977), 
Epothilones A and B (Nicolau et al., Nature, 1997), Dolas 
tatin-10 (Pettit et al., J. Am. Chem. Soc, 1987), and Wel 
Wistatin (Zhang et al., Molecular Pharmacology, 1996), as 
Well as certain synthetic analogs including Phenstatin (Pettit 
G R et al.., J Med. Chem, 1998), 2-styrylquinaZolin-4(3H) 
ones (“SQOs”, Jiang et al., J. Med. Chem, 1990), highly 
oxygenated derivatives of cis- and trans-stilbene, and dihy 
drostilbene (Cushman et al., J. Med. Chem, 1991) are all 
knoWn to mediate tumor cytotoxic activity through a mode 
of action that includes tubulin binding and subsequent 
inhibition of mitosis. 

[0004] Normally, during the metaphase of cell mitosis, the 
nuclear membrane has broken doWn and tubulin is able to 
form centrosomes (also called microtubule organiZing cen 
ters) that facilitate the formation of the microtubule spindle 
apparatus to Which the dividing chromosomes become 
attached. Subsequent assembly and disassembly of the 
spindle apparatus mitigates the separation of the daughter 
chromosomes during anaphase such that each daughter cell 
contains a full complement of chromosomes. As antiprolif 
eratives or antimitotic agents, tubulin binding agents exploit 
the relatively rapid mitosis that occurs in proliferating tumor 
cells. By binding to tubulin and inhibiting the formation of 
the spindle apparatus in a tumor cell, the tubulin binding 
agent can cause signi?cant tumor cell cytotoxicity With 
relatively minor effects on the sloWly dividing normal cells 
of the patient. 

[0005] The exact nature of tubulin binding site interactions 
remains largely unknown, and they de?nitely vary betWeen 
each class of tubulin binding agent. Photoa?inity labeling 
and other binding site elucidation techniques have identi?ed 
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three key binding sites on tubulin: 1) the Colchicine site 
(Williams et al., J. Biol. Chem, 1985); 2) the Vinca Alkaloid 
site (Safa et al., Biochemistry, 1987); and 3) a site on the 
polymeriZed microtubule to Which taxol binds (Lin et al., 
Biochemistry, 1989). An important aspect of this Work 
requires a detailed understanding, at the molecular level, of 
the “small molecule” binding domain of both the 0t and [3 
subunits of tubulin. The tertiary structure of the 0t,[3 tubulin 
heterodimer Was reported in 1998 by DoWning and co 
Workers at a resolution of 3.7 A using a technique knoWn as 
electron crystallography (Nogales et al., Nature, 1998). This 
brilliant accomplishment culminated decades of Work 
directed toWard the elucidation of this structure and should 
facilitate the identi?cation of small molecule binding sites, 
such as the colchicine site, using techniques such as photo 
af?nity and chemical af?nity labeling (Chavan et al., Bio 
conjugate Chem, 1993; Hahn et al., Photochem PhotobioL, 
1992). 
[0006] Further signi?cance is given to neW drugs that bind 
to the colchicine site since it has recently been shoWn that 
many tubulin binding agents also demonstrate activity 
against malignant proliferating tumor vasculature, as 
opposed to the tumor itself. Antivascular chemotherapy is an 
emerging area of cancer chemotherapy Which centers on the 
development of drugs that target the proliferation of the 
vasculature that supports tumor groWth. Much of the 
research in anti-vascular cancer therapy has focused on 
understanding the process of neW blood vessel formation, 
knoWn as angiogenesis, and identifying anti-angiogenic 
agents Which inhibit the formation of neW blood vessels. 
Angiogenesis is characterized by the proliferation of tumor 
endothelial cells and generation of neW vasculature to sup 
port the groWth of a tumor. This groWth is stimulated by 
certain groWth factors produced by the tumor itself. One of 
these groWth factors, Vascular Endothelial GroWth Factor 
(“VEGF”), is relatively speci?c toWards endothelial cells, by 
virtue of the restricted and up-regulated expression of its 
cognate receptor. Various anti-angiogenic strategies have 
been developed to inhibit this signaling process at one or 
more steps in the biochemical pathWay in order to prevent 
the groWth and establishment of the tumor vasculature. 
HoWever, anti-angiogenic therapies act sloWly and must be 
chronically administered over a period of months to years in 
order to produce the desired effect. 

[0007] Vascular Targeting Agents (“VTAs”), also knoWn 
as vascular disrupting agents or vascular damaging agents, 
are a separate class of antivascular chemotherapeutics. In 
contrast to anti-angiogenic drugs Which disrupt the neW 
microvessel formation of developing tumors, VTAs attack 
solid tumors by selectively targeting the established tumor 
vasculature and causing extensive shutdoWn of tumor blood 
How. A single dose of a VTA can cause a rapid and selective 
shutdoWn of the tumor neovasculature Within a period of 
minutes to hours, leading eventually to tumor necrosis by 
induction of hypoxia and nutrient depletion. This vascular 
mediated cytotoxic mechanism of VTA action is quite 
divorced from that of anti-angiogenic agents, Which inhibit 
the formation of neW tumor vasculariZation rather than 
interfering With the existing tumor vasculature. Other agents 
have been knoWn to disrupt tumor vasculature, but dilfer in 
that they also manifest substantial normal tissue toxicity at 
their maximum tolerated dose. In contrast, genuine VTAs 
retain their vascular shutdoWn activity at a fraction of their 
maximum tolerated dose. It is thought that tubulin-binding 
VTAs selectively destabiliZe the microtubule cytoskeleton 
of tumor endothelial cells, causing a profound alteration in 
the shape of the cell Which ultimately leads to occlusion of 
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the tumor blood vessel and shutdown of blood How to the 
tumor (Kanthou et al., Blood, 2002). 

[0008] Combretastatin A4 phosphate prodrug (CA4P) is 
one of the leading neW candidates from among a relatively 
small collection of knoWn World compounds With vascular 
targeting activity (US. Pat. No. 5,561,122; Chaplin et al., 
Anticancer Res., 1999; Tozer et al., Cancer Res., 1999; Pettit 
and Rhodes, Anti-Cancer Drug Des., 1998; Iyer et al., 
Cancer Res., 1998; Dark et al., Cancer Res., 1997). Its 
parent phenol compound, Combretastatin A-4 (CA4) Was 
discovered by Professor George R. Pettit (Arizona State 
University) as an isolate from South African bush WilloW 
(Cambrelum ca?rum) in the 1970s. CA4 is a potent inhibitor 
of tubulin polymerization and binds to the colchicine site on 
[3-tubulin. Interestingly, CA4 itself does not demonstrate 
destruction of tumor vasculature, While CA4P is very active 
in terms of tumor vasculature destruction. Therefore, the 
phosphate ester portion of CA4P undergoes dephosphory 
lation to reveal the potent tubulin binder CA4 that destroys 
the tumor cell through an inhibition of tubulin polymeriza 
tion. 

[0009] CA4P is currently the lead drug in a group of 
tubulin-binding VTAs under clinical development. Other 
tubulin binding VTAs that have been discovered include the 
colchicinoid ZD6126 (Davis et al., Cancer Research, 2002) 
and the Combretastatin analog AVE8032 (Lejeune et al., 
Proceedings of the AACR., 2002). Despite these advances, 
an aggressive chemotherapeutic strategy for the treatment 
and maintenance of solid tumor cancers continues to rely on 
the development of architecturally neW and biologically 
more potent compounds. The present invention addresses 
this urgent need by providing a structurally novel class of 
tubulin binding agent compositions With potent antiprolif 
erative activity and tumor cell cytotoxicity. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a discovery of 
Combrestatin analogs Which function as tubulin binding 
agents capable of inhibiting tubulin assembly and tumor cell 
proliferation. These Combrestatin analogs result from the 
judicious combination of a non-tubulin binding molecular 
template, suitably modi?ed With structural features such as 
hydroxyl moieties and arylalkoxy groups. Furthermore, the 
invention provides compounds useful in the treatment, pre 
vention or amelioration of one or more symptoms of vas 
cular proliferative disorders and neoplastic diseases. The 
compounds of the invention are also useful in reducing the 
How of blood to at least a portion of a neoplastic region, and 
for inhibiting tubulin polymerization. 

[0011] In one general aspect, the present invention pro 
vides a Combretastatin analog of the folloWing general 
formula I: 

(1) 
R4 

,——\ R 
5 X 

) 
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or a pharmaceutically acceptable salt thereof, Wherein 

[0012] 

[0013] R1, R2, R3, R4, R5, R6 and R7 are each, indepen 
dently, selected from the group consisting of H, halogen, 
loWer alkyl, loWer alkoxy, hydroxyl, amine, phosphate, 
phosphoramidate, and amino acid acyl group; 

the dashed lines indicate a single or double bond; 

[0014] X is selected from the group consisting of a single 
bond, CH2, O, S, N(H), and C(O); and n is 0, 1, 2 or 3. 

[0015] In one embodiment of Formula I, R1, R2, R3, R4, 
R5, R6 and R7 are each, independently, selected from the 
group consisting of H, loWer alkoxy, hydroxyl, phosphate 
and phosphoramidate. In another embodiment of Formula I, 
X is a single bond. In another embodiment of Formula I, n 
is 2 or 3. 

[0016] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
formula II: 

(11) 

or a pharmaceutically acceptable salt thereof, 

[0017] Wherein the dashed lines indicate a single or double 
bond; 

[0018] R1, R2, R3, R4, R5, R6 and R7 are each, indepen 
dently, selected from the group consisting of H, halogen, 
loWer alkyl, loWer alkoxy, hydroxyl, amine, phosphate, 
phosphoramidate, and amino acid acyl group; 

[0019] X is selected from the group consisting of a single 
bond, CH2, O, S, N(H), and 

[0020] C(O); and n is 0, 1, 2 or 3. 

[0021] In another embodiment of Formula II, R1, R2, R3, 
R4, R5, R6 and R7 are each, independently, selected from the 
group consisting of H, loWer alkoxy, hydroxyl, phosphate 
and phosphoramidate. In yet another embodiment of For 
mula II, X is a single bond. In another embodiment of 
Formula II, R1, R2 and R3, are each, independently, selected 
from the group consisting of H, OCH3, phosphate and OH. 
In still another embodiment of Formula II, R4, R5 and R6, are 
each, independently, selected from the group consisting of 
H, OCH3, phosphate and OH. In still another embodiment of 
Formula II, R7 is H. In still another embodiment of Formula 
II, n is 2 or 3. 

[0022] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
formula IIa: 
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(IIa) 

ocH3 
R3 3 

R1 

or a pharmaceutically acceptable salt thereof, 

[0023] wherein the phenyl ring “Z” is bonded to either 
carbon “a” or “b”; 

[0024] R1, R3, R4 and R5 are each, independently, selected 
from the group consisting of H, loWer alkoxy, hydroxyl, and 
phosphate; 

[0025] X is selected from the group consisting of a single 
bond and C(O); and 

[0026] n is l, 2, 3 or 4. 

[0027] In one embodiment of formula IIa, R4 and R5 are 
OCH3. In another embodiment of Formula IIa, n is 1. In 
another embodiment of Formula IIa, n is 3. In another 
embodiment of Formula IIa, n is 4. 

[0028] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
formula IIb: 

or a pharmaceutically acceptable salt thereof, 

[0029] Wherein the phenyl ring “Z” is bonded to either 
carbon “a” or “b”; 

[0030] R1, R3, R4 and R5 are each, independently, selected 
from the group consisting of H, loWer alkoxy, hydroxyl, and 
phosphate; 

[0031] X is selected from the group consisting of a single 
bond and C(O); and n is l, 2, 3 or 4. 

[0032] In one embodiment of formula IIb, R4 is H or OH, 
and R5 is OH. 

[0033] In particular embodiments of formula IIa or IIb, R1 
and R3 are H. In other embodiments of formula IIa or IIb, R1 
is OH and R3 is H. In yet other embodiments of formula IIa 
or IIb, R1 and R3 are OCH3. In another embodiment of 
Formula IIb, n is 1. In another embodiment of Formula IIb, 
n is 3. In another embodiment of Formula IIb, n is 4. 
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[0034] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
Formula III: 

(III) 

or a pharmaceutically acceptable salt thereof, Wherein: 

[0035] the dashed line indicates a single or double bond; 

[0036] X is selected from the group consisting of a single 
bond, CH2, O, S, N(H), and C(O); 

[0037] and R1, R2, R3, R4, R5, R6 and R7 are each, 
independently, selected from the group consisting of H, 
halogen, loWer alkyl, loWer alkoxy, hydroxyl, amine, phos 
phate, phosphoramidate, and amino acid acyl group. 

[0038] In one embodiment of Formula III, X is a single 
bond, and R1, R2 and R3, are each, independently, selected 
from the group consisting of H, OCH3, phosphate and OH. 
In another embodiment of Formula III, X is a single bond, 
and R4, R5 and R6, are each, independently, selected from 
the group consisting of H, OCH3, phosphate and OH. 

[0039] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
Formula IV: 

(1V) 

or a pharmaceutically acceptable salt thereof, Wherein: 

[0040] the dashed lines independently indicate a single or 
double bond; 

[0041] X is selected from the group consisting of a single 
bond, CH2, O, S, N(H), and C(O); 

[0042] R1, R2, R3, R4, R5, R6 and R7 are each, indepen 
dently, selected from the group consisting of H, halogen, 
loWer alkyl, loWer alkoxy, hydroxyl, amine, phosphate, 
phosphoramidate, and amino acid acyl group; 

and phenyl ring “Z” is bonded to either carbon “a” 
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[0044] In another embodiment of Formula IV, the dashed 
lines are single bonds, X is a single bond, and R1, R2 and R3, 
are each, independently, selected from the group consisting 
of H, OCH3, phosphate and OH. In still another embodiment 
of Formula IV, the dashed lines are single bonds, X is a 
single bond, and R4, R5 and R6, are each, independently, 
selected from the group consisting of H, OCH3, phosphate 
and OH. In still another embodiment of Formula IV, the 
dashed lines are single bonds, X is a single bond, and the 
phenyl ring “Z” is bonded to carbon “a.” In yet another 
embodiment of Formula IV, the dashed lines are single 
bonds, X is a single bond, and phenyl ring “Z” is bonded to 
carbon “b.” 

[0045] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
formula IVa: 

(IVa) 

H300 

or a pharmaceutically acceptable salt thereof, Wherein the 
phenyl ring “Z” is bonded to either carbon a or “b”; and 

[0046] R1, R3, R4 and R5 are each, independently, selected 
from the group consisting of H, loWer alkoxy, hydroxyl, and 
phosphate. 

[0047] In one embodiment of formula IVa, R1 and R3 are 
OCH3. In another embodiment of formula IVa, R4 and R5 are 
OH. In another embodiment of formula IVa, R4 and R5 are 
phosphate. In yet another embodiment of formula IVa, 
phenyl ring “Z” is bonded to carbon “a.” 

[0048] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
formula IVb: 

(IVb) 
00H3 

H300 

or a pharmaceutically acceptable salt thereof, Wherein the 
phenyl ring “Z” is bonded to either carbon “a” or “b”; and 

[0049] R1, R3, R4 and R5 are each, independently, selected 
from the group consisting of H, loWer alkoxy, hydroxyl, and 
phosphate. 
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[0050] In one embodiment of formula IVb, R1 and R3 are 
OCH3. In another embodiment of formula IVb, R4 and R5 
are OH. In another embodiment of formula IVb, R4 and R5 
are phosphate. In yet another embodiment of formula IVb, 
phenyl ring “Z” is bonded to carbon “a.” 

[0051] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
Formula V: 

(V) 

00H3 / 

H300 \ \ 

H300 

or a pharmaceutically acceptable salt thereof, Wherein R6 is 
selected from the group consisting of H, halogen, loWer 
alkyl, loWer alkoxy, hydroxyl, amine, phosphate, phospho 
ramidate, and amino acid acyl group. 

[0052] In another embodiment of Formula V, R6 is 
selected from the group consisting of H, OCH3, phosphate 
and OH. In yet another embodiment of Formula V, R6 is OH. 

[0053] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
Formula VI: 

(V1) 

R3 

H300 

or a pharmaceutically acceptable salt thereof, Wherein: 

[0054] R1, R3, R5 and R6 are each, independently, selected 
from the group consisting of H, halogen, loWer alkyl, loWer 
alkoxy, hydroxyl, amine, phosphate, phosphoramidate, and 
amino acid acyl group; 

[0056] In one embodiment of Formula VI, R1 and R3 are 
selected from the group consisting of H, OCH3, phosphate 
and OH. In another embodiment of Formula VI, R5 and R6, 
are each, independently, selected from the group consisting 
of H, OCH3, phosphate and OH. In still another embodiment 
of Formula VI, the phenyl ring “Z” is bonded to carbon “a.” 
In another embodiment of Formula VI, the phenyl ring “Z” 
is bonded to carbon “b.” 

and phenyl ring “Z” is bonded to either carbon “a” 
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[0057] In another general aspect, the present invention 
provides a Combretastatin analog of the following general 
Formula VII: 

(v11) 
R5 

R6 

or a pharmaceutically acceptable salt thereof, Wherein R1, 
R2, R3, R4, R5, R6, and R7 are each, independently, selected 
from the group consisting of OH, phosphate, and OCH3. 

[0058] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
formula VIII: 

[0059] or a pharmaceutically acceptable salt thereof, 
Wherein the dashed lines indicate a single or double bond; 
R1, R2, R3, R4, R5, R6 and R7 are each, independently, 
selected from the group consisting of H, halogen, loWer 
alkyl, loWer alkoxy, hydroxyl, amine, phosphate, phospho 
ramidate, and amino acid acyl group; X is selected from the 
group consisting of a single bond, CH2, O, S, N(H), and 
C(O); X1, X2, X3, X4 and X5 are each, independently, 
selected from the group consisting of C, C(H), N, N(H), O 
and S, provided that at least one of X1, X2, X3, X4 and X5 
is not C or C(H); and n is 0,1,2 or 3. 

[0060] In one embodiment of Formula VIII, R1, R2, R3, 
R4, R5, R6 and R7 are each, independently, selected from the 
group consisting of H, loWer alkoxy, hydroxyl, phosphate 
and phosphoramidate. In another embodiment of Formula 
VIII, X is a single bond. In another embodiment of Formula 
VIII, n is 0. In another embodiment of Formula VIII, n is 2. 
In another embodiment of Formula VIII, n is 3. 

[0061] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
Formula IX: 
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(1X) 

or a pharmaceutically acceptable salt thereof, Wherein the 
dashed line indicates a single or double bond; X is selected 
from the group consisting of a single bond, CH2, O, S, N(H), 
and C(O); X1, X2, X3, X4 and X5 are each, independently, 
selected from the group consisting of C, C(H), N, N(H), O 
and S, provided that at least one of X1, X2, X3, X4 and X5 
is not C or C(H); R1, R2, R3, R4, R5, R6 and R7 are each, 
independently, selected from the group consisting of H, 
halogen, loWer alkyl, loWer alkoxy, hydroxyl, amine, phos 
phate, phosphoramidate, and amino acid acyl group, and 
ring “Z” is bonded to either carbon “a” or “b.” In one 
embodiment of Formula IX, X is a single bond, and R1, R2 
and R3, are each, independently, selected from the group 
consisting of H, OCH3, phosphate and OH. In another 
embodiment of Formula IX, X is a single bond, and R4, R5 
and R6, are each, independently, selected from the group 
consisting of H, OCH3, phosphate and OH. 

[0062] In another general aspect, the present invention 
provides a Combretastatin analog of the folloWing general 
Formula X: 

(X) 

R1 

or a pharmaceutically acceptable salt thereof, Wherein R1, 
R3, R5 and R6 are each, independently, selected from the 
group consisting of H, halogen, loWer alkyl, loWer alkoxy, 
hydroxyl, amine, phosphate, phosphoramidate, and amino 
acid acyl group, X1, X2, X3, X4 and X5 are each, indepen 
dently, selected from the group consisting of C, C(H) and N, 
provided that at least one of X1, X2, X3, X4 and X5 is not C 
or C(H); and phenyl ring “Z” is bonded to either carbon “a” 
or “b.” In one aspect of Formula X, R1 and R3 are selected 
from the group consisting of H, OCH3, phosphate and OH. 
In another aspect of Formula X, R5 and R6, are each, 
independently, selected from the group consisting of H, 
OCH3, phosphate and OH. In still another aspect of Formula 
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X, the phenyl ring “Z” is bonded to carbon “a.” In another 
aspect of Formula X, the phenyl ring “Z” is bonded to 
carbon “b.” 

[0063] In another general aspect, the present invention 
provides a Combretastatin analog of the following general 
Formula XII: 

(XII) 

R1 

or a pharmaceutically acceptable salt thereof, Wherein R1, 
R4, R5 and R6 are each, independently, selected from the 
group consisting of OH and OCH3 and X1, X2, X3, X4 and 
X5 are each, independently, selected from the group con 
sisting of C, C(H) and N, provided that at least one of X1, 
X2, X3, X4 and X5 is not C or C(H). 

[0064] In another general aspect, the invention provides a 
method for treating a vascular proliferative disorder in an 
animal comprising administering to an animal an effective 
amount of a ring-substituted bicyclic fused ring system, 
Wherein the centroid to centroid distance betWeen the ring 
substituent and the outer ring of the bicyclic fused ring 
system is betWeen 4 and 7 A. In one embodiment, the 
centroid to centroid distance betWeen the ring substituent 
and the outer ring of the bicyclic fused ring system is 
betWeen 4 and 5 A. In another embodiment, the centroid to 
centroid distance betWeen the ring substituent and the outer 
ring of the bicyclic fused ring system is betWeen 5 and 6 A. 
In still another embodiment, the centroid to centroid dis 
tance betWeen the ring substituent and the outer ring of the 
bicyclic fused ring system is betWeen 6 and 7 A. In another 
embodiment, the ring-substituted bicyclic fused ring system 
is represented by a compound of the Formula I, II, IIa, IIb, 
III, IV, IVa, IVb, V, VI, VII, VIII, IX, X and XII. In another 
embodiment, the ring-substituted bicyclic fused ring system 
is selected from the group consisting of 3-MethoXy-8-(3,4, 
5-trimethoXy-phenyl)-6,7-dihydro-5H-benzocycloheptenel; 
3-MethoXy-9-(3,4,5-trimethoXy-phenyl)-6,7-dihydro-5H 
benzocycloheptene; 2-MethoXy-6-(3 ,4,5 -trimethoXy-phe 
nyl)-8,9-dihydro-7H-benzocyclohepten- 1 -ol; 2-MethoXy-5 - 
(3,4,5-trimethoxy-phenyl)-8,9-dihydro-7H 
benzocyclohepten- 1 -ol; 2-MethoXy-6-(3 ,4,5 -trimethoxy 
phenyl)-8,9-dihydro -7H-benzocyclohepten- 1 -ol; 
2-MethoXy-6-(3 ,4, 5-trimethoXy-phenyl) -7,8,9, 1 O-tetrahy 
dro-benzocycloocten-l-ol; 2-MethoXy-5-(3,4,5-trimethoxy 
phenyl)-7,8,9, l O-tetrahydro-benzocycloocten-l -ol; 3-Meth 
oXy-6-(l ,2,3 -trimethoXy-8,9-dihydro -7H 
benzocyclohepten-5-yl)-benzene- l ,2-diol; 3-Methoxy-6-(l, 
2,3-trimethoXy-8,9-dihydro-7H-benzocyclohepten-5-yl) 
benzene-1,2-diol; 2-MethoXy-5-(l ,2,3-trimethoXy-8,9 
dihydro-7H-benzocyclohepten-5-yl)-phenol; 3-MethoXy-6 
(l,2,3-trimethoXy-7, 8, 9, l0-tetrahydro-benzocycloocten-5 
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yl)-benzene-l ,2-diol; 2-MethoXy-5 -(l ,2,3 -trimethoxy-7,8,9, 
l0-tetrahydro -benzocycloocten-5 -yl) -phenol; 2-MethoXy-5 - 
(l ,2,3-trimethoxy-8,9-dihydro -7H-benzocyclohepten-6-yl) 
phenol; 3-MethoXy-6-(l ,2,3 -trimethoXy-8,9-dihydro -7H 
benzocyclohepten-6-yl)-benzene- l ,2-diol; (l -Hydroxy-2 
methoxy-8,9-dihydro -7H-benzocyclohepten-6-yl)-(3 ,4,5 - 
trimethoXy-phenyl) -methanone; (l -Hydroxy-2-methoxy-8, 
9-dihydro -7H-benzocyclohepten-5-yl)-(3 ,4, 5-trimethoxy 
phenyl)-methanone; (l -HydroXy-2 -methoXy-7,8,9, l 0 
tetrahydro -benzocycloocten-6-yl)-(3,4,5 -trimethoxy 
phenyl)-methanone; (l -HydroXy-2 -methoXy-7,8,9, l 0 
tetrahydro -benzocycloocten-5 -yl)-(3,4,5 -trimethoxy 
phenyl)-methanone; (2,3-DihydroXy-4 -methoXy-phenyl)-(l , 
2,3 -trimethoxy-8,9-dihydro-7H-benzocyclohepten-5-yl) 
methanone; (3 -Hydroxy-4 -methoXy-phenyl) -(l ,2 ,3 - 
trimethoXy-8, 9-dihydro-7H-benzocyclohepten-5-yl) 
methanone; (2,3 -Dihydroxy-4 -methoXy-phenyl)-(l ,2,3 - 
trimethoXy-7, 8, 9, l O-tetrahydro-benzocycloocten-5 -yl) 
methanone and (3 -Hydroxy-4 -methoXy-phenyl) -(l ,2 ,3 - 
trimethoXy-7, 8, 9, l O-tetrahydro-benzocycloocten-5 -yl) 
methanone. 

[0065] In another embodiment, the ring-substituted bicy 
clic fused ring system is selected from the group consisting 
of 3 -MethoXy-6-(4, 5 ,6-trimethoxy-3H-inden- l -yl)-ben 
zene- l ,2-diol; 2-MethoXy-5-(4,5 ,6-trimethoXy-3H-inden-l - 
yl) -phenol; 2-MethoXy-5 -(5 ,6,7-trimethoXy-3 ,4-dihydro 
naphthalen- l -yl)-phenol; 2-MethoXy-5-(6,7,8-trimethoXy-3, 
4-dihydro -naphthalen- l -yl)-phenol; 2-Methoxy-5 -(6,7,8 
trimethoXy-3,4-dihydro-naphthalen-2-yl)-phenol; 
3 -MethoXy-6-(6,7,8-trimethoxy-3 ,4-dihydro -naphthalen-l - 
yl) -benzene-l ,2-diol; 3-MethoXy-6-(6,7,8-trimethoXy-3 ,4 
dihydro-naphthalen-2 -yl)-benzene- l ,2-diol; (2,3-Dihy 
droxy-4-methoxy-phenyl)-(4, 5, 6-trimethoXy-3H-inden-l - 
yl) -methanone; (3 -Hydroxy-4 -methoXy-phenyl)-(4,5 ,6 
trimethoXy-3H-inden-l -yl)-methanone; (2 ,3 -Dihydroxy-4 - 
methoXy-phenyl)-(5, 6,7-trimethoXy-3,4-dihydro 
naphthalen- l -yl)-methanone and (3 -HydroXy-4-methoxy 
phenyl)-(5 ,6,7-trimethoXy-3 ,4-dihydro -naphthalen- l -yl) 
methanone. 

[0066] In another embodiment the vascular proliferative 
disorder is characterized by the presence of malignant 
proliferating vasculature. In another embodiment, the malig 
nant proliferating vasculature is associated With a tumor or 
other neoplastic disease. In still another embodiment, pro 
liferative disorder is characterized by the presence of non 
malignant proliferating vasculature. In yet another embodi 
ment, the nonmalignant proliferating vasculature is 
associated With an ocular disease selected from the group 
comprising Wet or age-related macular degeneration, dia 
betic retinopathy, retinopathy of prematurity, diabetic 
molecular edema, uveitis, or corneal neovascularization. In 
still another embodiment, the nonmalignant proliferating 
vasculature is associated With a nonocular disease state such 
as psoriasis, rheumatoid arthritis, atheroma, restenosis, 
Kaposi’s sarcoma, haemangioma, and in general, in?amma 
tory diseases characterized by vascular proliferation. 

[0067] In another aspect, the invention provides a method 
for selectively reducing the How of blood to at least a portion 
of a neoplastic region, comprising administering a ring 
substituted bicyclic fused ring system, Wherein the centroid 
to centroid distance betWeen the ring substituent and the 
outer ring of the bicyclic fused ring system is betWeen 4 and 
7 A, thereby causing substantial necrosis of tissue in the 






























































